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Rockström et al. Nature (2009) and Ida Kubiszewski/Solutions
The globe represents the proposed safe operating space for the nine planetary systems. The wedges represent an estimate of the current position for each 
variable. The boundaries in three systems (rate of biodiversity loss, climate change, and human interference with the nitrogen cycle) have already been exceeded. 
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Author Note: This article is based on 
the papers “A safe operating space for 
humanity,”1 published in Nature, and 
“Planetary boundaries: Exploring the 
safe operating space for humanity,”2 
published in Ecology and Society. See 
these papers for a complete description of 
the planetary boundaries. Here, we pres-
ent the underlying concepts and suggest 
ways to limit continued growth of the 
















































































































• In the last 200 years, humanity has 
transitioned into a new geological 
era—termed the Anthropocene—
which is defined by an accelerating 
departure from the stable environ-
mental conditions of the past 12,000 
years into a new, unknown state of 
Earth. 
• In order to maintain a global environ-
ment that is conducive for human 
development and well-being, we 
must define and respect planetary 
boundaries that delineate a “safe 
operating space” for humanity. We 
must return to the long-term stable 
global environment that nurtured 
human development.
• The nine areas that are most in need 
of planetary boundaries are climate 
change, biodiversity loss, excess 
nitrogen and phosphorus production, 
stratospheric ozone depletion, ocean 
acidification, global consumption of 
freshwater, change in land use for 
agriculture, air pollution, and chemi-
cal pollution.
• We estimate that humanity has 
already transgressed three of 
these boundaries: climate change, 
biodiversity loss, and phosphorus 
production.
• Several steps can be taken to estab-
lish and enforce these boundaries, 
and they are suggested here.













































































































Rockström et al. Ecology & Society (2009) and Richard Morin/Solutions 
Our initial analysis yielded nine planetary boundaries for Earth-system processes, such as for climate 
change, which undoubtedly features threshold/abrupt change behavior, and for others, such as 
biodiversity loss, which are slow processes that erode resilience over time. 
Conceptual Diagram of Boundary, 
reshold, and Zone of Uncertainty







































































Table 1: Categories of Boundaries
Earth-System Process Parameters ProposedBoundary
Pre-industrial 
Value
Table 2: Planetary Boundaries
Rate of Biodiversity 
Loss
Extinction Rate
(number of species per 
million species per year)
0.1-1
Nitrogen Cycle (part 
of a boundary with the 
phosphorus cycle)
Amount of N2  removed from
the atmosphere for human
use (million of tonnes per year)
0
Climate Change (i) Atmospheric carbon 
dioxide  concentration
(parts per millio  by volume)
(ii) Change in radiative
forcing 




(part of a boundary 




Quality of P f lowing into
the oceans (million of tonnes 
per year)
290
Ocean Acidification Global mean saturation




Global Freshwater Use Consumption of freshwater
by humans (km3  per year)
415
Change in Land Us Percentage of global land





Overall particulate concentration 
in the atmospher , on a 
regional basis
To be det rmined
Chemical Pollution For example, amount emitted
to, or concentration of 
persistent organic pollutants,
plastics, endocrine disrupters,
heavy metals, and nuclear 
waste in, the global 
environment or the effects 
on the ecosystem and 
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Rockström et al. Nature (2009) and Richard Morin/Solutions 
We have assigned a control variable (or parameter) to each of the Earth-system processes and, in addition, have taken a first guess—some 
better substantiated than others—at a planetary boundary for each. To see how humanity is faring with respect to the boundaries, we have 
listed the current and preindustrial values of the control variable along with the proposed boundary. 
Conceptual Diagram of Boundary, 
reshold, and Zone of Uncertainty







































































Table 1: Categories of Boundaries
Earth-System Process Parameters ProposedBoundary
Pre-industrial 
Value
Table 2: Planetary Boundaries
Rate of Biodiversity 
Loss
Extinction Rate
(number of species per 
million species per year)
0.1-1
Nitrogen Cycle (part 
of a boundary with the 
phosphorus cycle)
Amount of N2  removed from
the atmosphere for human
use (million of tonnes per year)
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(part of a boundary 




Quality of P f lowing into
the oceans (million of tonnes 
per year)
290
Ocean Acidification Global mean saturation




Global Freshwater Use Consumption of freshwater
by humans (km3  per year)
415
Change in Land Use Percentage of global land





Overall particulate concentration 
in the atmosphere, on a 
regional basis
To be determined
Chemical Pollution For example, amount emitted
to, or concentration of 
persistent organic pollutants,
plastics, endocrine disrupters,
heavy metals, and nuclear 
waste in, the global 
environment or the effects 
on the ecosystem and 
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Conceptual Diagram of Boundary, 
reshold, and Zone of Uncertainty
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Rockström et al. Ecology & Society (2009) and Richard Morin/Solutions 
The left panel shows a boundary for a process that has a well-defined threshold, leading to an abrupt change if that threshold is crossed. The right panel 
shows a boundary for a “slow” process that does not have a threshold but is important for maintaining resilience at regional or global scales. In each case 
there is a zone of uncertainty as to where the threshold lies or where an unacceptable erosion of resilience occurs. 
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